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(54) MicroChannel device, method for producing the microchannel device and use of the same 



(57) The fine chan nel device has a fine chan nel sub- 
strate having a fine channel, in which patterns of same 
or different concave-convex are formed in front and rear 
surfaces wherein a functional unit having an electrical, 
magnetic, physical or chemical function, or an informa- 
tion recording function is provided on the fine channel 
substrate three-dim ens ion ally. Further, the fine channel 
device usable for analyzing permits use of a plurality of 



analyzing liquid reagents in order to analyze a plurality 
of specified substances, and can reduce the amount of 
usable sample and improves the sensitivity of fluores- 
cence measurement. Further, the fine channel device is 
formed by laminating a plurality of substrates having a 
fine channel, in which patterns of same or different con- 
cave-convex are formed, efficiently. Further, a method 
for producing thef ine channel device capable of produc- 
ing it economically in a short time and in a large scale. 
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Description 

[0001] The present invention relates to a fine channel 
device suitable for conducting a chemical/physical ma- 
nipulation of fluid such as feeding, mixing, reacting, syn- 5 
thesizing, analyzing, separating, extracting, detecting 
and so on in a fine channel, and a method for producing 
the fine channel device. 

[0002] In recent years, a so-called integrated chemi- 
cal laboratory in which a fine channel device comprising io 
a glass substrate of several cm square provided with a 
fine channel having a length of several cms and a width 
as well as depth of sub-micrometer to several hundred 
micrometer scale is used and a chemical/physical ma- 
nipulation of fluid such as feeding, mixing, reacting, syn- is 
thesizing, analyzing, separating, extracting, detecting 
and so on is carried out in the fine channel, has been 
noted. Such integrated chemical laboratory can provide 
a very efficient chemical reaction due to effects of a short 
diffusion length of molecule and a large specific interfa- 20 
cial area of fine space. Further, it is expected to provide 
an operational consistency of react in g-separatin g-ex- 
tracting-detecting; to provide advantages such as quick- 
ness, labor-saving, resource-saving, energy-saving and 
space-saving in various research and development, and 25 
to provide a possibility of reduction of waste liquid or 
products resulted from experiments, rationalization in 
repeated experiments and so on. The fine channel re- 
ferred to in this description is a fine channel having a 
width of 500 nm or less and a depth of 300 urn or less. 30 
However it is preferable to form a fine channel having 
a width of 300 u.m or less and a depth of 1 50 u,m or less 
in order to provide effectively the effects of a short dif- 
fusion length of molecule and a large specific interfacial 
area of fine space. If the width and the depth of the fine 35 
channel exceed the above-mentioned dimensions, it is 
difficult to provide effectively the short diffusion length 
of molecule and the large specific interfacial area of fine 
space. 

[0003] Further, there has been made an attempt of ap- *o 
plying a chemical synthesis in a fine channel to the pro- 
duction of industrial articles while the characteristics of 
the fine space in the fine channel device are maintained. 
In this case, use of a single fine channel device causes 
a result of a small yield per unit time because of its hav- 
ingafine space. However, if asystem comprising a large 
number of fine channel devices arranged in parallel can 
be constructed, the yield per unit time can be increased 
while the characteristics of the fine space are main- 
tained. For example, there is a proposal that a plurality so 
of fine channel devices having the same structure are 
prepared and a reaction solution is distributed to each 
of the devices, or a plurality of fine channel devices are 
overlaid wherein common portions such as an inlet port 
for a reaction solution and an outlet for a reaction prod- 55 
uct or the like are communicated with perforated vertical 
openings. Further, in the above-mentioned system 
wherein the plurality of fine channel devices operate in 



parallel, it is possible to achieve simultaneously analyz- 
ing, separating, -acting, detecting and so on in par- 
allel as well as e: ving a chemical synthesis; 
[0004] Fig. 1 sh $ an embodiment of the fine chan- 
nel device. In a conventional fine channel device pre-* 
pared to achieve a chemical/physical manipulation such 
as feeding, mixing, reacting, synthesizing, analyzing, 
separating, extracting, detecting of fluid or the like in a 
fine channel, a concave-convex pattern was formed on- 
ly in a single surface of a substrate (hereinbelow, re- 
ferred to as the fine channel substrate) as shown in Fig. 
1 , and the concave-convex pattern was used as a fine 
channel. Accordingly, it was difficult to arrange on a sin- 
gle fine channel substrate three-dimensionally a func- 
tional unit having, for example, a heating function, a 
cooling function or the like for controlling temperature 
for achemical reaction in the fine channel. The function- 
al unit is a unit operable electrically, magnetically, phys- 
ically, chemically or the like, such as a piezoelectric el- 
ement, an electromagnet, electric or electronic parts, a 
circuit substrate having a wiring pattern on which any of 
these element or part is disposed, an information re- 
cording layer, a complex layer thereof, in addition to the 
heating function and cooling function for controlling tem- 
perature for a chemical reaction in the fine channel. 
[0005] Even in a case that a plurality of fine channel 
devices were arranged in parallel or in lamination in or- 
der to increase the yield and an analyzable number, an 
effective parallel or laminated arrangement could not be 
obtained because the fine channel was formed only in 
a single surface. Fig. 2 shows an example of a conven- 
tional fine channel device formed by laminating a plural- 
ity of elements of the device. As shown in Fig. 2, since 
the fine channel was formed only in a single side of each 
substrate, the number of fine channels in the fine chan- 
nel device did not exceed the number of the substrates 
used even though the device was formed by overlaying 
the substrates. Accordingly, it was necessary to use 
more number of substrates in order to supply a sufficient 
amount of fluid, with the result that it was difficult to re- 
duce sufficiently the size of the fine channel device. 
[0006] On the other hand, as a fine channel device for 
analyzing a specified substance, there has been used 
an analyzing tool (hereinbelow, referred to as an ana- 
lyzing chip) for fixing enormous kinds of biomolecules 
such as DNA, RNA, protein or the like on a plate. In this 
specification, "bonding ability" in "a recognizable mole- 
cule having a bonding ability" means the nature capable 
of bonding another substance by the way of a hydrogen 
bond, coordinate bond, Vander Waals force, chemical 
adsorption, physical adsorption or the like. Further, the 
"recognizable" means the nature capable of selectively 
bonding a specified substance among a plurality kinds 
of substance due to the above-mentioned bonding abil- 
ity. As an example of such "recognizable molecule hav- 
ing a bonding ability", a DNA fragment, RNA, enzyme, 
antigen, antibody, protein or the like may be mentioned. 
However, it should not be restricted to these. 
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[0007] Fig. 3 is a diagram for explaining the bonding 
of the recognizable molecule with an analyzed sub- 
stance on the above-mentioned analyzing chip. An an- 
alyzing chip in which a recognizable molecule 30 is fixed 
in a form of spots on a slide glass 28 by using a binder 
29 as shown in Fig. 3 (a) is immersed in an analyzing 
liquid reagent 33 in which a substance 32 as an object 
of analysis (hereinnelow, referred to as the analyzed 
substance) is incorporated, so as to obtain the bonding. 
In this case, it is preferable that the analyzed substance 
32 is modified with a labeled substance which can gen- 
erate a detecting signal. Here, explanation will be made 
as to a case of using a fluorescent material as such la- 
beled substance. If the analyzed substance capable of 
bonding to the recognizable molecule is in the analyzing 
liquid reagent, the bonding of the both substances is ef- 
fected. Then , the analyzing chip is washed with a clean- 
ing liquid 34 to wash away the analyzed substance 
which remains without bonding to the recognizable mol- 
ecule as shown in Fig. 3 (c). Then, the fluorescent ma- 
terial on the analyzed substance which is bonded to the 
recognizable molecule is excited by an excitation light 

35 as shown in Fig. 3 (d) whereby luminescence from 
the fluorescent material is detected by a photosensor 

36 such as CCD to thereby detect the analyzed sub- 
stance which is bonded to the recognizable molecule. 
Thus, in the bonding reaction between the analyzed 
substance and the recognizable molecule on the con- 
ventional analyzing chip, the analyzing chip was im- 
mersed in a single kind of analyzing liquid reagent to 
effect the bonding at a time, and the chip was washed 
with the cleaning liquid to wash away the analyzed sub- 
stance which is not bonded to the recognizable mole- 
cule. Then, the fluorescence detection was carried out. 
[0008] In the conventional technique, the binder was 
coated on the entire surface of a flat analyzing chip. Ac- 
cordingly, when the analyzing chip was immersed in the 
analyzing liquid reagent at a time, a foreign substance 
adhered on a portion of the binder where the recogniz- 
able molecule was not fixed in a form of spots. The ad- 
hesion of the substance in such portion caused a detec- 
tion noise to thereby lower the sensitivity of detection. 
Further, since the entirety of the analyzing chip was im- 
mersed in the analyzing liquid reagent at a time, it is 
impossible to analyze plural kinds of analysis at a time. 
Further, there was a problem that a large amount of an- 
alyzing liquid reagent was thrown away. 

[0009] Further, in experiments using the analyzing 
chip, experiments were often conducted by repeatedly 
changing the recognizable molecule and the analyzed 
substance so as to detect the optimum bonding ability 
of the analyzed substance to a large variety of recog- 
nizable molecule. The presence or absence of the bond- 
ing of the analyzed substance with a recognizable mol- 
ecule provides only one analysis information among 
many individual information. However, a useful informa- 
tion such as, for instance, a DNA base sequence or the 
like can be obtained by combining such individual infor- 



mation. Namely, in the experiments using the analyzing 
chip, it is necessary to keep individual analysis informa- 
tion and to combine these analysis information with a 
subsequently obtainable analysis information. Accord- 
5 jngly, a recording medium capable of recording/reading 
such analysis information is required. There are many 
kinds of information., other than the bonding ability of the 
analyzed substance to the recognizable molecule, such 
as a sample information (kinds of recognizable mole- 
10 cule, kinds of analyzed substance, locations for fixing a 
recognizable molecule on the analyzing chip and so on) , 
an analyzing chip information (conditions of preparation, 
conditions of bonding, conditions of inspection and so 
on) and an administrator information (manufacturer's 
is names, user's names, administrator's names and so 
on). These sample information, analyzing chip informa- 
tion and administrator information can be renewed by 
adding new information to the previous information for 
the purpose of linking and analyzing, whereby the latest 
20 analysis information is obtainable. Accordingly, it is nec- 
essary for the analyzing chip to have two kinds of infor- 
mation: as a first information, an analyzing chip identifi- 
cation information capable of identifying individual ana- 
lyzing chip in order to link one with another analyzing 
25 chip information, and as a second information, informa- 
tion relating to a result of analyzing the analyzing chip. 
The generally used analyzing chip is required to be 
transferred to an analyzing chip producing device, a 
bond-experiment device, a bond-inspection device and 
30 so on separately. However, since the configuration of 
analyzing chips are similar, it is difficult to identify ana- 
lyzing chips from their outer appearance. Accordingly, 
the identification of individual analyzing chip is important 
for an administration purpose of analyzing chip. There- 
35 fore, there is a proposal of a method for identifying an 
analyzing chip by using characters or bar codes, or a 
method for specifying an analyzing chip by using a part 
of a plurality of spots arranged on analyzing chips as an 
index for controlling the sample information as disclosed 
40 in Japanese Examined Publication No. 2000-338110. In 
these methods, a marker of a fluorescent material is pre- 
viously formed prior to the preparation of a sample in 
the same manner as the case of the recognizable mol- 
ecule. Accordingly, the inspection of a specimen and the 
45 evaluation of the fluorescent marker can be made with 
use of a single light source for specimen analysis. As 
described above, the method for applying an index is 
proposed so that individual analyzing chip can be rec- 
ognized before experiments, whereby the individual an- 
50 alyzing chip can be identified by applying characters, 
bar codes, indices or the like on the analyzing chip. 
[0010] However, the characters may cause error in a 
visual check or data input. Further, it is necessary for 
barcodes to employ a bar code reading device in addi- 
55 tion to the inspection device. Further, when indices are 
used, there is a possibility of destruction of an index in- 
formation during handling, and there is a lack of stability 
in holding a recorded information for a long term. Ac- 
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cordingly, a recording system capable of preserving in- 
formation for a long term without causing error in a visual 
check or data input and without requiring a reading de- 
vice separately, is required. Further, there are problems 
that the information applicable to the analyzing chip be- 5 
fore experiments is limited to a part of information 
among a sample information, analyzing chip informa- 
tion, administrator information and so on necessary for 
the analyzing chip, and a large variety of analyzing chips 
are to be prepared because many analyzing chips can 10 
not be used for analysis experiments other than the pre- 
viously held information. Further, there is also a problem 
that the information of a result of analysis of analyzing 
chips as the second information can not be recorded. 
Further, there is another problem that when a fluores- 15 
cent material is used as an information source in the 
method that the analyzing chip information is described 
by means of indices, the information may be destructed 
due to the deterioration of the fluorescent material or the 
contact to the fluorescent material as an index at the 20 
time of handling of the analyzing chip whereby the in- 
formation of the analyzing chip can not be preserved for 
a long term. Further, since an analysis information is re-, 
corded and preserved in an external recording medium 
such as a hard disk or the like so that individual analysis 25 
information can be linked with the previously recorded 
information, there is possibility of causing crushing of 
the external recording medium or overflowing of the re- 
cording capacity, whereby an important analysis infor- 
mation may be lost. 30 
[0011] Further, in a conventional technique, a con- 
cave-convex pattern of fine channel in the fine channel 
device was formed in a substrate made of glass, sili- 
cone, metal, resin or the like by photolithography and 
etching with use of a photomask. 35 
[0012] Fig. 4 is a diagram for explaining an example 
of the manufacturing process for a conventional fine 
channel device. First, a metallic film such as gold or Cr 
is formed on a glass substrate, and a photoresist is coat- 
ed on the substrate to prepare an original plate of pho- *o 
toresist for exposure to light. A photomask having a pat- 
tern according to the shape of a fine channel was placed 
on the original plate of photoresist. Exposure to light is 
conducted to the original plate through the photomask 
followed by developing. Then, the metallic film is etched <5 
with acid, and the resist and the glass are etched with 
a hydrofluoric acid. Further, the metallic film is dissolved 
to obtain a substrate in which a fine channel is formed. 
[0013] In the conventional method, however, it was 
necessary to prepare the substrate having the fine chan- 50 
nei by developing through the photomask and etching 
one by one. 

[001 4] Accordingly, it took several ten minutes to sev- 
eral hours in order to manufacture a single substrate. 
Further, in order to prepare the photomask for photoli- 55 
thography, it was necessary to prepare photomasks of 
different pattern. Even in a case of slight change of pat- 
tern, a new photomask was required. For the prepara- 
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tion of the photomask, it took several hours to several 
days, and a large cost was incurred. 
[0015] The proposal of the present invention is made 
in consideration of the disadvantages of the convention- 
al techniques. 

[0016] It is a first object of the present invention to pro- 
vide a fine channel device capable of arranging three- 
dimensionally a functional unit having an electrical, 
magnetic, physical or chemical function on a substrate 
in which a fine channel is formed, and capable of facili- 
tating a parallel or lamination structure. 
[0017] It is a second object of the present invention to 
provide a fine channel device capable of recording/read- 
ing a synthesis information or an analysis information 
when a specified substance is synthesized or analyzed 
by using the fine channel device, and capable of pre- 
serving such synthesis or analysis information for a long 
term. 

[0018] It is a third object of the present invention to 
provide an analyzing chip comprising a fine channel de- 
vice for analyzing a specified substance, which is capa- 
ble of conducting simultaneously a plurality of different 
kinds of analysis by using a plurality of different analyz-. 
ing liquid reagents whereby the amount of an analyzing 
liquid reagent used can be reduced and the sensitivity 
of measurement for analyzing is improved. 
[0019] It is a fourth object of the present invention to 
provide a fine channel device which can be manufac- 
tured economically in large quantities and in a short 
time, and a method for producing the fine channel de- 
vice. 

[0020] The present invention is to solve the above- 
mentioned problems. In accordance with a first aspect 
of the present invention, there is provided a fine channel 
device comprising a fine channel substrate having a fine 
channel, in which patterns of same or different concave- 
convex are formed in front and rear surfaces. 
[0021 ] It is preferable that the fine channel device has 
at least one inlet port for introducing fluid, at least one 
fine channel for feeding the fluid and at least one outlet 
port for discharging the fluid wherein the fine channel is 
communicated with the inlet port and the outlet port. 
[0022] In accordance with a second aspect of the 
present invention, there is provided a fine-channel de- 
vice according to the first aspect wherein a substrate 
having or without having perforated openings is overlaid 
on the fine channel substrate. 

[0023] In accordance with a third aspect of the present 
invention, there is provided a fine channel device com- 
prising a fine channel substrate which is provided with 
an optical recording medium capable of recording/read- 
ing a synthesis information or an analysis information. 
In such fine channel device, it is preferable that light for 
analyzing a specified substance or light for recording/ 
reading information is a near field light whereby high 
density recording of the information of an analyzed sub- 
stance is possible, and a large amount of information 
can be processed. 
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[0024] In accordance with a fourth aspect of the 
present invention, there is provided an analyzing chip 
comprising a fine channel device having a fine channel., 
adapted to analyzing a specified substance, wherein a 
recognizable molecule having a bonding ability to an an- s 
alyzed substance is located at an arbitrary position in 
the fine channel. It is preferable that the concave-con- 
vex pattern of an inner wall of the fine channel at a po- 
sition where the recognizable molecule is fixed is differ- 
ent from the concave-convex pattern of the inner wall of 10 
the fine channel at the other position. 
[0025] Further, in accordance with a fifth aspect of the 
present invention, there is provided a method for pro- 
ducing a fine channel device which comprises injection- 
molding resin through a mold, in which a concave-con- *5 
vex pattern of fine channel is formed, to form a fine chan- 
nel substrate having a fine channel as an injected prod- 
uct of resin in which the concave-convex pattern of the 
mold is transferred. 

[0026] Further, in accordance with a sixth aspect of 20 
the present invention, there is provided a method for 
producing a fine channel device which comprises using 
a pair of molds each having a pattern of concave-convex 
shape corresponding to a fine channel formed in a fine 
channel substrate, and injecting resin between the pair 25 
of molds to form a fine channel substrate, as a double- 
side injection-molded product, in which a fine channel 
having a pattern of the offset concave-convex pattern 
with respect to that of the molds is formed in each of 
front and rear surfaces of the fine channel substrate. In 30 
this case, patterns of the concave-convex shape of the 
molds to be transferred to the front surface and the rear 
surface of the injected resin-molded product may be the 
same or different. Further, in thefinechannel device pro- 
duced according to the present invention, at least one 35 
surface of the fine channel substrate is curved to have 
the center of a radius of curvature at a side of the fine 
channel substrate, the radius of curvature is in a range 
of from 5 m to 100 m, and the surface roughness (Ra) 
is 0.5 nm or less. 40 
[0027] In drawing; 

Fig. 1 is a diagram showing a typical fine channel 
device; 

Fig. 2 is a diagram showing a typical fine channel 45 
device having a multi-layered structure; 
Fig. 3 is a diagram for explaining a bonding state 
between a substrate as an object of analysis and a 
recognizable molecule obtained. by the convention- 
al analyzing chip; 50 
Fig. 4 is a diagram for explaining a conventional 
method for producing a substrate in which fine 
channels are formed; 

Fig. 5 is a diagram showing several types of fine 
channel device with an optical recording medium 55 
capable of recording or reading information; 
Fig. 6 is a diagram showing several types of fine 
channel device used for analyzing a specified sub- 



stance according to the present invention; 
Fig. 7 is a diagram for explaining a first method for 
producing a substrate in which fine channels are 
formed, according to the method of the present in- 
vention; 

Fig. 8 is a diagram for explaining a second method 
for producing a substrate in which fine channels are 
formed, according to the method of the present in- 
vention; 

Fig. 9 is a diagram showing an embodiment of a 

laser light exposure system usable for producing 

the substrate having fine channels; 

Fig. 10 is a diagram showing an embodiment of a 

coordinate data indicating pattern data positions 

obtainable by a personal computer input; 

Fig. 11 is a diagram showing an example of signals 

for controlling ON/OFF of laser emitted from a laser 

light exposure device, which are provided from a 

pattern generator; 

Fig. 12 is a diagram showing a fine channel device 
wherein a fine channel is formed in each surface of 
a fine channel substrate, described in Example 1 ; 
Fig. 13 is a diagram showing an example of work 
flow in a case that a fine channel substrate having 
a concave-convex pattern in its both surfaces is 
formed by etching a glass substrate; 
Fig. 14 is a diagram showing a fine channel device 
having a multi-layered structure wherein a fine 
channel is formed its both surfaces of each fine 
channel substrate, described in Example 1; 
Fig. 1 5 is a diagram showing a fine channel device 
comprising a fine channel substrate having a fine 
channel in its both surfaces wherein the shape of 
concave-convex pattern of the fine channel in a 
front surface is different from that of the fine channel 
in a rear surface, described in Example 2; 
Fig. 16 is a diagram showing an example of work 
flow in a case that a fine channel substrate having 
a concave-convex pattern in its both surfaces is 
formed by injection-molding; 
Fig. 17 is a diagram showing a fine channel device 
comprising a fine channel substrate wherein a fine 
channel is formed in its front surface and a Ni-Cr 
alloy is embedded in a concave-convex pattern in 
a rear surface to provide a heating/cooling function, 
described in Example 3; 

Fig. 18 is a diagram showing an example of work 
flow in a case of embedding metal in a concave- 
convex pattern of a substrate; 
Fig. 19 is a diagram showing a fine channel device 
comprising a fine channel substrate wherein a fine 
channel is formed in its front surface and an optical 
recording medium is formed in its rear surface, de- 
scribed in Example 4; 

Fig. 20 is a diagram showing an example of a typical 
concave-convex pattern in an optical recording me- 
dium; 

Fig. 21 is a diagram showing in cross section the 
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fine channel device in Example 4, for explaining the 
method for detecting an analyzed substance and an 
information recording/reading system by using the 
fine channel device having optical recording medi- 
um according to the present invention; 
Fig. 22 is a flow chart showing a sequence of bond- 
ing an analyzed substance and a recognizable mol- 
ecule for detection, described in Example 5; 
Fig. 23 is a diagram showing several types of rec- 
ognizable molecule fixing portion in Example 5; 
Fig. 24 is a diagram showing several concave-con- 
vex patterns in a substrate having a fine channel 
described in Example 6; and 
Fig. 25 is a diagram showing a fine channel device 
prepared in Example 6. 

[0028] In the following, the present invention will be 
described in more detail. 

[0029] The fine channel device of the present inven- 
tion comprises a fine channel substrate having a fine 
channel, in which patterns of same or different concave- 
convex are formed in front and rear surfaces. In other 
words, the fine channel device of the present invention 
comprises a fine channel substrate having front and rear 
surfaces in each of which a pattern of same or different 
concave-convex is formed wherein at least one of the 
front and rear surfaces provides a fine channel. In par- 
ticular, the fine channel device has at least one inlet port 
for introducing fluid, at least one fine channel for feeding 
the introduced fluid and at least one outlet port for dis- 
charging the fluid wherein the fine channel is communi- 
cated with the inlet port and the outlet port. With such 
structure, afunctional unit having an electrical, magnet- 
ic, physical, chemical function or the like can be formed 
three-dimensionally with respect to a fine channel 
formed in a substrate surface, and a fine channel in the 
device can be used for a chemical or physical manipu- 
lation such as the feeding, mixing, reacting, synthesiz- 
ing, analyzing, separating, extracting, detecting or the 
like of fluid. Such an attempt can be made in such a man- 
ner that for example, one or more kinds of fluid such as 
gas, liquid or the like are introduced through the inlet 
port; the one or more kinds of fluid are mixed or reacted 
efficiently by a heat treatment or the like, and a resulted 
reaction product is discharged through the outlet port. 
In this specification, a substrate having a perforated 
opening or openings or without having any opening may 
be referred to as "a cover member". 
[0030] The fine channel device of the present inven- 
tion may be comprised of such substrate (first substrate) 
and another substrate (second substrate) having perfo- 
rated openings or without having any opening which is 
overlaid on the first substrate. When a fine channel de- 
vice having perforated openings at both sides is to be 
formed, it can be formed by overlaying second sub- 
strates each having perforated openings on both sides 
of one or more number of first fine channel substrates. 
When a fine channel device having a side which has no 



perforated opening is to be formed, it can be formed by 
overlaying a second substrate having perforated open- 
ings on a side of one or more fine channel substrates, 
and overlaying anothersecond substrate having no per- 

s forated opening on the other side of the one or more fine 
channel substrates. Further, when a fine channel device 
is formed by laminating two or more first fine channel 
substrates, it can be formed by inserting second sub- 
strates each having perforated openings between first 

io fine channel substrates. 

[0031] Further, in the fine channel device of the 
present invention, an inlet port and an outlet port may 
be formed at its one side, and a specified material e.g., 
metal such as Ni or Cr, an alloy such as a Ni-Cr alloy or 

is ceramics may be located at the other side. In this case, 
the fine channel device can be formed by using a lami- 
nation technique so that a fine channel substrate em- 
bedded with metal, an alloy or ceramics is placed on a 
side of the device and a substrate having the inlet port 

20 and the outlet port as perforated openings is placed on 
the other side of the device. It goes without saying that 
the fine channel device can be formed by overlaying two 
or more fine channel substrates. Further, the metal or 
alloy arranged in the fine channel device can be used 

2s as a heating source for accelerating a chemical reaction. 
[0032] The concave-convex pattern formed in a fine 
channel substrate may have a desired shape according 
to a specific object by using any method as described 
in Examples. Further, in the concave-convex pattern 

30 formed in the rear surface of a substrate, a functional 
unit having an electrical, magnetic, physical or chemical 
function which serves heating or cooling for controlling 
chemically reacting conditions in the fine channel can 
be disposed three-dimensionally with respect to the fine 

35 channel of the substrate surface. Further, when the fine 
channel device is formed to have a parallel or lamination 
structure in order to increase the yield or the number of 
analysis, the fine channel can be formed in both surfac- 
es of a substrate wherein a concave-convex pattern in 

40 a rear surface of the substrate is used as a fine channel 
in the same manner as the fine channel formed in a front 
surface of the substrate, and a cover member is overlaid 
on a side of rear surface of the substrate. In this case, 
the parallel or lamination structure is obtainable effi- 

45 ciently in comparison with a fine channel substrate in 
which a fine channel is formed only in a single surface 
of the substrate. Fu rther, when the rear surface of a sub- 
strate is used to have function of the fine channel device, 
the shape of the fine channel may be the same as or 

50 different from the shape of the fine channel formed in 
the front surface. Thus, the above-mentioned chemical 
or physical manipulation can effectively be conducted 
by forming patterns of same or different concave-con- 
vex shape in the front and rear surfaces of the fine chan- 
55 nel substrate. 

[0033] For the substrate and the cover member, it is 
desirable to use a material which enables the fabrication 
of a fine channel easily and has an excellent chemical 
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resistance and a proper rigidity. For example, glass, 
quartz, ceramics, silicone, metal or resin may be used, 
the size and the shape of the substrate and the cover 
member are not in particular limited. However, from the 
viewpoint of forming the fine channel device, the sub- 
strate and the cover member preferably have a rectan- 
gular shape having a width of 50 mm or less and a length 
of 80 mm or less, or a circular shape having a diameter 
of 150 mm or less, each having a thickness of several 
mm or less, for example. The cover member is provided 
with small openings for communicating the fine channel 
with an exterior portion of the fine channel device. When 
the small openings are used as an inlet port and/or an 
outlet port for fluid, it is desirable that the diameter of 
the small openings is several mm or less, for example. 
The smalf openings of the cover member can be formed 
chemically, mechanically or using any means such as 
laser irradiation, ion etching or the like. 
[0034] In the fine channel device of the present inven- 
tion, a perforated opening may be formed at a predeter- 
mined position or positions in the fine channel substrate. 
Further, the fine channel device or the fine channel sub- 
strate is adapted to be used as a single body or to have 
a multi-layered structure. In this case, a substrate and 
a cover member or a plurality of substrates can be lam- 
inated by means of pressure bonding, heat bonding or 
adhesion bonding using an adhesive such as a photo- 
setting resin or a heat-setting resin. Further, when a plu- 
rality of substrates are laminated, it is possible to con- 
nect fine channels in a vertically laminated substrates 
by forming perforated openings at a predetermined po- 
sition in the fine channels formed in the substrates. 
[0035] Generally, the size of the fine channel is 500 
pm or less in width and 300 ujn or less in depth. How- 
ever, it is preferable that the width is 300 u,m or less and 
the depth is 150 jim or less because an efficient chem- 
ical reaction can be obtained due to effects of a short 
diffusion distance of molecule and a large specific inter- 
facial area of fine space. On the other hand, there is in 
particular no restriction of the size of the concave-con- 
vex pattern if such pattern is used for purposes other 
than the fine channel. 

[0036] As shown in Fig. 5, the fine channel device 38 
of the present invention may have an optical recording 
medium capable of recording/reading a synthesis infor- 
mation or an analysis information, on the fine channel 
substrate for constituting the fine channel device 38. For 
the optical recording medium, a substrate on which an 
information recording Iayer24 is formed two-dimension- 
ally may be laminated on a fine channel substrate hav- 
ing a fine channel; an information recording layer 24 
may be formed on a rear surface of a fine channel sub- 
strate having a front surface in which a fine channel is 
formed, or an information recording layer 24 may be 
formed in the same plane of a fine channel substrate in 
which a fine channel is formed. Thus, the optical record- 
ing medium can record in the fine channel device a first 
information for identifying individual fine channel device 



and a second information as a synthesis information or 
an analysis information obtained by using the fine chan- 
nel device, e.g., a synthesizing stock information, a syn- 
thesis condition information, a synthesis material infor- 
5 mation, an analysis substance information, an analysis 
condition information, an analysis result information, an 
administrator information and so on. Thus, the fine 
channel device capable of reading a recorded informa- 
tion; capable of reading correctly the information of in- 
to dividual fine channel devices without requiring a sepa- 
rate reading device; capable of recording a result of syn- 
thesis or analysis before or after the synthesis or anal- 
ysis obtained by using the fine channel device, and ca- 
pable of preventing the destruction of the information 
15 and preserving recorded data for a long term. 

[0037] The information recording layer used in the fine 
channel device having the optical recording medium of 
the present invention may be an information recording 
layer usable for an optical disk or the like. There are, for 
20 example, (1) a read-only type (CD, LD, CD-ROM, pho- 
to-CD, DVD-ROM or the like) (2) a write-once type ca- 
pable of recording once (CD-R, DVD-R or the like) and 
(3) a rewritable type capable of recording and erasing 
again and again (a magneto-optical or phase change 
25 disk, MD, CD-RW, DVD-RAM, DVD-RW or the like), 
which can be used according to purposes. 
[0038] Further, in the above-mentioned, means for 
analyzing a specified substance may be fluorescence 
analysis, and light from a light source for effecting the 
30 recording or reading of information in the optical record- 
ing medium may be used as an excitation light for fluo- 
rescence analysis. In this case, a light source for anal- 
ysis and a light source for recording or reading informa- 
tion can be used in common, whereby the construction 
35 of an analyzing device can be simplified. 

[0039] When an analyzing light for analyzing a spec- 
ified substance or an information recording/reading light 
for recording/reading information is a near field record- 
ing light obtained by using a solid immersion lens head, 
40 a large amount of information for specified substances 
to be analyzed can be recorded with a high density, and 
a large amount of information can effectively be proc- 
essed by the fine channel device. In this case, it is nec- 
essary to bring the optical head to a distance of 1 00 nm 
45 or less from the substrate surface because the optical 
head moves in a flying state above a front surface or a 
rear surface of the fine channel device so that the de- 
tection or the recording/reading of information can be 
conducted. Accordingly, in order to obtain stable flying 
so characteristics so as not to cause the contact of the fly- 
ing head to the substrate surface, it is preferable that at 
least one surface of the fine channel substrate is curved 
to have the center of a radius of curvature at a side of 
the fine channel substrate wherein the radius of curva- 
55 ture is from 5 m to 100 m, and the surface roughness 
(Ra) of the curved surface is 0.5 nm or less. If the radius 
of curvature or the surface roughness (Ra) of the sub- 
strate exceeds the above-mentioned value, it is difficult 
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to obtain stable flying characteristics so that the optical 
head does not contact with the substrate surface having 
a fine channel when the optical head is moved in a flying 
state above the substrate surface at a distance of 100 
nm or less. 5 
[0040] Fig. 5 shows several types of fine channel de- 
vice 38 having an optical recording medium according 
to the present invention. Fig. 5 (a) shows a fine channel 
device 38 having a circular disk-like shape in which a 
hub 23 for supporting rotatably the fine channel device 10 
is formed at its center and an information recording lay- 
er 24 is formed on the entire surface including positions 
where an analyzed substance is located in a form of 
spots. Fig. 5 (b) shows a fine channel device 38 having 
a circular disk-like shape in which a hub 23 for support- is 
ing rotatably the fine channel device 38 is formed at its 
center, and an information recording layer 24 is formed 
in the region other than the positions where the analyzed 
substance is located in a form of spots. Fig. 5 (c) shows 
a fine channel device 38 having a circular disk-like 20 
shape in which a hub for supporting rotatably the fine 
channel device is formed at its center, and an informa- 
tion recording layer 24 is formed in an inner periphery 
from the position where the analyzed substance is lo- 
cated in a form of spots. Fig. 5 (d) shows a fine channel 25 
device 38 having a rectangular shape in which an infor- 
mation recording layer 24 is formed in the region other 
than the position where an analyzed substance is locat- 
ed in a form of spots. Fig. 5 (e) shows a fine channel 
device 38 having a rectangular shape in which a fine 30 
channel 1 as a reaction route is formed and an informa- 
tion recording layer 24 is formed in the region other than 
the fine channel. Figs. 5 (a) to 5 (e) show several types 
of fine channel device having an optical recording me- 
dium. However, the present invention is not limited 35 
thereto. 

[0041] Fig. 6 shows an embodiment of the fine chan- 
nel device used for analyzing a specified substance, ac- 
cording to the present invention. In Fig. 6 f the surface 
having fine channels 1 of the fine channel substrate con- 40 
stituting the fine channel device may be laminated inte- 
grally with a cover member or may not be provided with 
a cover member. As shown in Fig. 6 (a), it is possible to 
supply an analyzing liquid reagent to a predetermined 
position of the fine channel device by forming in the fine *s 
channel device at least one liquid inlet port 40, at least 
one fine channel 1 , at least one recognizable molecule 
fixing portion 39 arranged at an arbitrary position or po- 
sitions in the fine channel 1 and at least one liquid outlet 
port 41 . With such arrangement, the analyzing liquid re- so 
agent can be supplied to each fine channel without the 
necessity of immersing the whole fine channel device in 
the analyzing liquid reagent. Accordingly, a plurality of. 
different analyzing liquid reagents can be supplied to 
each fine channel so that a plurality of different kinds of 55 
analysis can be conducted simultaneously. Since the 
amount of a usable analyzing liquid reagent can corre- 
spond to the capacity of each fine channel, the amount 



of the usable analyzing liquid reagent can be minimized 
in comparison with the case that the fine channel device 
is entirely immersed in the analyzing liquid reagent. 
[0042] Further, the shape of concave-convex pattern 
of an inner surface of the fine channel at the location 
where the recognizable molecule is fixed may be differ- 
ent from the shape of concave-convex pattern of the in- 
ner surface of the fine channel at another location so 
that the surface roughness or the surface area of the 
inner surface of the fine channel may be increased. With 
such measurements, undesirable separation of the rec- 
ognizable molecule can be prevented, and many recog- 
nizable molecules can be fixed to recognizable mole- 
cule fixing portions at the inner surface of the fine chan- 
nel, whereby the sensitivity of fluorescent measurement 
can be improved. 

[0043] The group geometry such as the width and/or 
the depth of a channel may be changed in the distance 
from its one end to the other end so as to match a plu- 
rality of analyzing liquid reagents having different vis- 
cosity, surface tension, affirmity with the inner surface 
of fine channel and so on. Further, when plural kinds of 
fine channels are provided in a single fine channel de- 
vice; a much amount of liquid reagent can be used as 
an experimental solution. In case that there is difficulty 
in moving an analyzing liquid reagent due to its having 
a very high surface tension or the like, a fine channel 
having a sectorial shape should be formed as shown in 
Fig. 6 (b) so that the flow of the analyzing liquid reagent 
becomes easy. Fig. 6 shows some examples of the fine 
channel substrate constituting the fine channel device, 
which shows a fine channel substrate having a circular 
disk-like shape wherein linear channels 1 are extended 
radially from its center as shown in Fig. 6 (a); a fine chan- 
nel substrate having a circular disk-like shape wherein 
channels 1 are extended in a sectorial form from its cent- 
er as shown in Fig. 6 (b); a fine channel substrate having 
a circular disk-like shape wherein curved channels 1 are 
extended from its center as shown in Fig. 6 (g); a fine 
channel substrate having a rectangular shape in which 
channels 1 are extended in parallel to each other as 
shown in Fig. 6 (e), and a fine channel substrate having 
a rectangular shape in which liquid inlet ports 40 are lo- 
cated at alternate positions as shown in Fig. 6 (f). How- 
ever, the present invention is not limited to the above- 
mentioned patterns. 

[0044] As shown in Fig. 6 (c) and Fig. 6 <d), the fine 
channel devices each having the circular disk-like fine 
channel substrate in which fine channels 1 are extended 
radially from its center has such advantage that when 
an analyzing liquid reagent is supplied to all channels 1 
in common, the liquid inlet port 40 can be used for all 
channels in common. Further, the fine channel substrate 
having a circular disk-like shape can be equipped with 
a hub at its center so that the fine channel device can 
be rotated, and a centrifugal force can be utilized in sup- 
plying liquid from the liquid inlet port 40 to each fine 
channel. Further, the fine channel substrate shown in 
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Fig. 6 (f) wherein the liquid inlet ports 40 are arranged 
alternately allows an arrangement of fine channels 1 
having recognizable molecule fixing portions with a high 
density. 

[0045] A substrate having both surfaces in which a 5 
fine channel and a concave-convex pattern serving a 
function other than the fine channel can be prepared by 
processing directly both surfaces of a substrate material 
such as glass, quartz, ceramics, silicone, metal,, resin 
or the like by laser or etching. In case that ceramics or 10 
resin is used for the substrate material, the both surfac- 
es of the substrate can simultaneously be formed by in- 
jection-molding with use of molds for front and rear sur- 
faces each having the offset concave-convex pattern 
with respect to the concave-convex pattern to be formed 
in the front and rear surfaces of a molded product. 
[0046] Fig. 7 is a diagram for explaining a first exam- 
ple of the manufacturing process for preparing a sub- 
strate having a fine channel according to the present in- 
vention. The manufacturing process comprises a mas- 
tering process and a molding process. In the mastering 
process, a metallic film 37 such as gold or Cr is formed 
on an original glass plate 14 having a circular disk-like 
shape. A photoresist 9 is coated on the glass plate 14 
to prepare an original photoresist plate for light expo- 
sure. In this case, the coated photoresist may be a pho- 
toresist in liquid form to be coated or a sheet-like pho- 
toresist to be bonded. Then, the original photoresist 
plate is rotated, and laser light focused to form a small 
spot by using an objective lens 42 is irradiated under an 
ON/OFF control according to a predetermined concave- 
convex pattern whereby light exposure is conducted to 
the original photoresist plate. Then, developing is con- 
ducted. Here, a device for irradiating laser light under 
an ON/OFF control according to a desired concave-con- 
vex pattern, the laser light being focused to a fine spot 
by using an objective lens, is referred to as a laser light 
exposure device. A control signal for turning-on or off 
the laser light according to a desired concave-convex 
pattern can be produced by a pattern generator con- 
nected to the laser light exposure device. Then, the me- 
tallic film 37 is etched with acid; the photoresist and the 
glass are etched by a hydrofluoric acid, and the metallic 
film is dissolved whereby an original glass plate 43 hav- 
ing a front surface in which a predetermined concave- 
convex pattern is formed, can be obtained. The sputter- 
ing of metal such as Ni or the like is conducted to the 
original glass plate 43 having the concave-convex pat- 
tern. Further, the sputtered metal is electroplated into a 
plate form to obtain an electroplated layer of Ni 15. The 
plate-like metal (the electroplated layer) is peeled off 
from the original glass plate 43 to thereby prepare a me- 
tallic stamper 16 having the offset concave-convex pat- 
tern with respect to a desired concave-convex pattern. 
In the molding process, the metallic stamper 1 6 formed 
in the mastering process is used to form a molded prod- 
uct made of resin orthe like. Thus, a substrate3 in which 
a fine channel is formed can be prepared. In this case, 



a usable resin may be a heat-setting resin or a photo- 
setting resin. Further, two metallic stampers obtainable 
in the mastering process may be used as a pair. By using 
the paired stampers, a substrate made of resin having 
front and rear surfaces having a fine channel or a con- 
cave-convex pattern usable for an another object may 
be formed by double-sided injection-molding at a once. 
[0047] As another method for forming a concave-con- 
vex pattern in the original glass plate of the above-men- 
tioned example, the original glass plate can directly be 
cut or shaved by using an excimer laser or the like. 
[0048] Fig t 8 is a diagram explaining a second exam- 
ple of the manufacturing process for manufacturing a 
substrate having a fine channel according to the present 
invention. The manufacturing process comprises a 
mastering process and a molding process in the same 
manner as in the first example. In the mastering proc- 
ess, a photoresist 9 is directly coated on an original 
glass plate 14 having a circular disk-like shape. In this 
case, the photoresist 9 may be a photoresist in a liquid 
form to be coated or a sheet-like photoresist to be bond- 
ed. Then, the original photoresist plate 1 4 is rotated, and 
laser light from a laser light exposure device, which is 
focused to a fine spot by using an objective lens 42, is 
irradiated to the original photoresist plate, whereby light 
exposure to the photoresist layer 9 is conducted. After 
the light exposure to the photoresist layer 9, the pho- 
toresist is developed to obtain a photoresist surface in 
which a predetermined pattern of concave-convex 
shape is formed. The sputtering of metal 15 such as Ni 
or the like is conducted to the resist surface having a 
predetermined concave-convex pattern, and then, the 
metal is electroplated in a form of plate. Then, the plate- 
like metal is peeled off from the original glass plate 14 
to prepare a metallic stamper 16 having an offset con- 
cave-convex pattern with respect to a finally obtainable 
concave-convex pattern. In the molding process, a 
molded product made of a material such as resin or the 
like is produced by using the metallic stamper 16 pre- 
pared in the mastering process to thereby prepare a 
substrate 3 having a fine channel, in the same manner 
as the first example. The usable resin may be a heat- 
setting resin or a photo-setting resin. Further, two me- 
tallic stampers formed in the mastering process may be 
prepared for a front surface and a rear surface. These 
two stampers are paired so that the both surfaces of the 
resinous substrate having a fine channel or a concave- 
convex pattern usable for another purpose may be 
formed by double-sided injection-molding at a once. 
[0049] In the above-mentioned first and second ex- 
amples, light exposure is conducted while the original 
photoresist plate is rotated. However, there is another 
technique that the original photoresist plate is placed on 
an X-Y stage to be moved linearly in an X-axis direction 
or a Y-axis direction and laser light is irradiated to the 
original photoresist plate to conduct light exposure to 
thereby form a desired concave-convex pattern. 
[0050] Thus, by preparing the substrate having a fine 
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channel by the injection-molding of resin, a molding time 
per one substrate can be reduced to several ten sec. 
Accordingly the time of manufacturing the substrate can 
remarkably be shortened in comparison with the con- 
ventional technique wherein a substrate having a fine 
channel was prepared by developing with a photomask 
followed by etching one by one, and therefore, it took a 
time from several ten min to several hr in order to pre- 
pare a single substrate. Accordingly, it becomes possi- 
ble to prepare the substrate having a fine channel in a 
short time and in a large scale. Further, in the present 
invention, when the stamper usable for forming the sub- 
strate having a fine channel by injection-molding is to 
prepare, a pattern of concave-convex shape which cor- 
responds to the concave-convex pattern of the fine 
channel can be formed in the stamper as follows. An 
information of concave-convex pattern which corre- 
sponds to the concave-convex pattern of fine channel 
is input into a pattern generator. The pattern generator 
converts such information into electric signals, and the 
electric signals are supplied to the laser light exposure 
device. Laser light from the laser tight exposure device 
is turned-on or off according to the electric signals 
whereby a desired concave-convex pattern can be 
formed. According to this technique, it is unnecessary 
to use a photomask usable for pattern formation, and 
therefore, working for the photomask can be omitted. 
[0051] In the following, description will be made in de- 
tail as to a method for forming a pattern of concave-con- 
vex shape corresponding to the concave-convex pat- 
tern of a fine channel with use of a laser light exposure 
device while an original photoresist plate applied with a 
photoresist is rotated. 

[0052] Fig. 9 is a diagram showing an embodiment of 
a laser light exposure system for producing a stamper 
usable for injection-molding resin so that a substrate 
having a fine channel is formed. In the embodiment 
shown in Fig. 9, the laser light exposure system com- 
prises a laser light exposure device, a pattern generator 
and a personal computer. The laser light exposure sys- 
tem of the present invention may include function as the 
personal computer in the pattern generator, or the laser 
light exposure device may include a combined function 
of the pattern generator and the personal computer. Ac- 
cordingly, the present invention is not limited to the em- 
bodiment of the laser light exposure system shown in 
Fig. 9. 

[0053] The information of a pattern of concave-con- 
vex shape which corresponds to that of fine channel 
formed in a substrate is inputted to the pattern generator 
through the personal computer connected to the pattern 
generator. Pattern data are provided by digital signals 
consisting of "1 " and "0". For example, a concave shape 
is designated by "1" and a convex shape is designated 
by "0". 

[0054] When an original photoresist plate having a cir- 
cular disk-like shape is used, a location in the pattern 
formed on the original photoresist plate is determined 



by a coordinate formed by a radial direction axis and a 
circumferential direction axis. A coordinate point in a ra- 
dial direction is designated by a track number counted 
from an inner circumferential side or an outer circumfer- 
5 ential side of the original photoresist plate having a cir- 
cular disk-like shape wherein the length in a radial di- 
rection is divided by a plurality of concentrical tracks with 
respect to the center of the circular plate. A coordinate 
point in a circumferential direction is designated by a 
division number of a divided portion counted from a ref- 
erence position wherein a track is divided by a prede- 
termined number of division, and the reference position 
in a circumferential direction of the track is assigned by 
a division number of "0". In the description thereafter, 
every divided portion is referred to as a divisional unit. 
[0055] Fig. 10 shows an example of coordinate data 
showing positions of pattern data to be inputted from the 
personal computer. In Fig. 10, the track number in the 
outermost circumferential track was determined to be 
"0". The number of division in a circumferential direction 
was 32, and division numbers were designated clock- 
wisely. 

[0056] Pattern data inputted from the personal com- 
puter are transferred to the pattern generator. The pat- 
tern generator rotates the original photoresist plate coat- 
ed with a photoresist to be exposed to light by the laser 
light exposure device at a predetermined period . 
[0057] This period of rotation is divided by the prede- 
termined number of division per track, which is deter- 
mined at the time of designating the coordinate in a cir- 
cumferential direction in the coordinate of the pattern 
date, and a reference signal capable of turning-on or off 
laser from the laser light exposure device for each divi- 
sional unit while the original photoresist plate is rotated 
once, is produced. In the description thereinafter, the 
reference signal is referred to as the divisional unit clock 
signal. By using a period of divisional unit clock signals, 
the laser from the laser light exposure device is control- 
led, according to division numbers in the coordinate in 
a circumferential direction in the coordinate of pattern 
data and a numerical value of "1 " or "0" indicating a con- 
cave or convex shape. The laser is turned on in a case 
of a concave shape and is turning off in a case of a con- 
vex shape. The control signal for turning-on or off the 
laser, which is provided from the pattern generate, is not 
limited to the digital signals of M 1" and "0", but an analog 
signal capable of controlling laser power in proportion 
to the magnitude of the control signal may be used. 
[0058] Fig. 11 shows an example of a control signal, 
outputted from the pattern generator, which turns on or 
off laser from the laser light exposure device. 
[0059] The laser light exposure device moves a fine 
spot of laser light, which is focused by an objective lens, 
linearly at a constant speed from an outer circumferen- 
tial side or an inner circumferential side of the original 
photoresist plate so that the fine spot is moved from a 
track to an adjacent track while the original photoresist 
plate having a circular disk-like shape on which a pho- 
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toresist is coated is rotated 360°. 
[0060] Thus, a pattern of concave-convex shape 
which is to be formed in a substrate can be transferred 
into the original photoresist plate having a circular disk- 
like shape coated with a photoresist, by moving a fine 
spot of laser light, which is focused by an objective lens, 
linearly at a constant speed from an outer circumferen- 
tial side or an inner circumferential side of the original 
photoresist plate while the laser light is turned on or off 
according to divisional numbers in the coordinate of cir- 
cumferential direction axis of the pattern data in a period 
of divisional unit clock signal for each track, and the laser 
light is moved from a track to an adjacent track during 
one revolution of the original photoresist plate. Further, 
the number of division in a track when the pattern date 
are inputted, the determination of the concave-convex 
pattern, the determination of a track distance in re- 
sponse to a change of the speed for moving the laser 
light from the laser light exposure device, and determi- 
nations of laser power and the diameter of laser beam 
can be regulated, whereby divisional units of concave- 
convex pattern can be dispersed in a track direction or 
in radial direction, or can be arranged continuously in a 
track direction or a radial direction. Thus, various con- 
cave-convex patterns can be formed. 
[0061] The fine channel device of the present inven- 
tion includes af ine channel device formed by laminating 
integrally a cover member or another fine channel sub- 
strate on the substrate having a fine channel which is 
produced as above-mentioned, for example. The sub- 
strate having a fine channel as described above and a 
cover member or another fine channel substrate are 
bonded together by means of heat bonding or with a U V- 
setting resin or a photo-setting resin. 
[0062] Now, the present invention will be described in 
detail with reference to Examples. However, it should 
be understood that the present invention is by no means 
restricted by such specific Examples, and a modification 
and combination is possible. Further, in the present in- 
vention, the front surface and the rear surface of the fine 
channel substrate are so determined that when either 
surface of the fine channel substrate is designated as a 
front surface, the reverse side is designated as a rear 
surface, and therefore, the front surface can be either 
surface of the fine channel substrate. 

EXAMPLE 1 

[0063] Fig. 1 2 shows Example 1 of the present inven- 
tion. Y-letter like fine channels 1a, 1b each having a 
width of 200 fim and a depth of 50 nm were formed on 
substrate surfaces. These fine channels 1a, 1b were 
formed according to the flow of fabrication sequence as 
shown in Fig. 13. 

[0064] A metallic film 8 such as gold was formed on 
both surfaces of a glass substrate 7 of 1 mm thick, 80 
mm long and 40 mm wide in such a thickness that light 
for exposure, which will be described later, does not 



transmit through the metallic layer 8, and a photoresist 
9 was coated on each of the substrate surfaces. On pho- 
toresists 9, photomasks 10, 11 each having a pattern 
corresponding to a shape of fine channel were placed. 

5 Light exposure was conducted for each surface followed" 
by developing. Then, the metallic films 8 on front and 
rearsurfacesofthesubstratewereetchedwithacid, and 
the photomasks 9 and the glass were etched with a hy- 
drofluoric acid from both sides of the substrate 7. Fur- 

10 ther, the metallic films remaining on the front and rear 
. surfaces were dissolved by using acid to thereby obtain 
the glass substrate 7 in which fine channels 1 a, 1 b were 
formed. As fluid inlet ports 4 and a fluid outlet port 5, 
perforated openings 6 each having a diameter of 1 mm 

15 were formed in the glass substrate 7 with mechanical 
processing means. 

[0065] A flat glass cover member 2 of 1 mm thick, 80 
mm long and 40 mm wide in which small perforated 
openings of 1 mm in diameter were previously formed 

20 at positions corresponding to the fluid inlet ports 4 and 
the fluid outlet port 5 of the fine channels 1a, 1b with 
mechanical processing means, and another flat glass 
cover member 2 of 1 mm thick, 80 mm long and 40 mm 
wide having no perforated opening, were heat-bonded 

25 onto the front and rear surfaces having the fine channels 
1 a, 1 b, whereby a fine channel device having fine chan- 
nels 1 in both substrate surfaces was prepared as 
shown in Fig. 12. 

[0066] Two kinds of chemical can be introduced 

30 through two fluid inlet ports 4 of the fine channel device 
to cause a predetermined chemical reaction, and a re- 
action product can be obtained at the fluid outlet port 5. 
In this case, the yield of the reaction product can be in- 
creased to about twice in comparison with a fine channel 

35 device having a fine channel only in its one substrate 
surface, while maintaining the characteristics of a fine 
space capable of conducting an efficient chemical reac- 
tion due to effects of a short diffusion distance of mole- 
cule and a large specific interfacial area of fine space. 

40 [0067] Further, a fine channel device haying a multi- 
layered structure was prepared in the following manner. 
Glass cover members 2 in which perforated small open- 
ings of 1 mm in diameter were previously formed at po- 
sitions corresponding to the fluid inlet ports 4 and the 

45 fluid outlet port 5 for fine channels 1 a, 1 b were prepared. 
Further, fine channel substrates 3 each having fine 
channels 1a, 1b in both substrate surfaces were pre- 
pared. The glass cover members 2 and the fine channel 
substrates 3 were laminated alternately in the order of 

so cover member 2-fine channel substrate 3-cover mem- 
ber 2-fine channel substrate 3-cover member 2, and a 
fine channel substrate 3 having a concave-convex pat- 
tern only in its front surface was placed on the lowermost 
cover member 2 : the lamination body was heat-bonded 

55 together. Fig. 14 shows the general outer shape of the 
fine channel device having a multi-layered structure. By 
using the fine channel device shown in Fig. 14, the yield 
of the reaction product obtainable from a chemical re- 
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action can be about 5 times as much as the yield ob- 
tainable from the same multi-layered fine channel de- 
vice in which the fine channel is formed only one su rface 
of each substrate. The number of lamination in the multi- 
layered fine channel device is not limited to that shown 
in Fig. 14. 

EXAMPLE 2 

[0068] Fig. 15 shows Example 2 of the present inven- 
tion. A resinous substrate 3 having a fine channel 1 was 
formed wherein the thickness was 1 mm, the longitudi- 
nal dimension was 80 mm and the lateral dimension was 
40 mm. An Metter like fine channel 1a of 200 u.m wide 
and 30 u.m deep was formed in a front surface of the 
substrate 3. In a rear surface of the substrate 3, a con- 
cave pattern 13 of 500 ujti wide and 30 jim deep was 
formed at a position corresponding to the l-letter like fine 
channel 1 a in the observation from a rear side of the 
substrate. The fine channel 1a of this example was 
formed according to the flow of fabrication sequence as 
shown in Fig. 16. 

[0069] A photoresist 9 was coated on an original glass 
plate 14 in a thickness of 30 ujti to prepare an original 
photoresist plate to be exposed to light. Then, a photo- 
mask 1 0 having an l-letter like pattern for a fine channel 
which is to be transferred into a front surface of the sub- 
strate 3 was placed on the original photoresist plate. 
Light exposure was conducted to the original photore- 
sist plate followed by developing to thereby form a de- 
sired concave-convex pattern in the front surface of the 
photoresist layer 9. Then, the sputtering of metal 15 
such as Ni was conducted to the front surface of the pho- 
toresist layer 9 having such concave-convex pattern, 
and the metal layer was electroplated into a plate-like 
form. The plate-like metal was peeled off whereby a me- 
tallic stamper 16 usable for a front surface of the sub- 
strate, which had the offset concave-convex pattern with 
respect to a desired concave-convex pattern, was pre- 
pared. Similarly, a metallic stamper 1 7 was prepared by 
using a photomask having a concave pattern which is 
to be formed in a rear surface of the substrate. The 
stamper 1 6 and the stamper 1 7 were paired. Then , resin 
was injected between the paired stampers 1 6, 1 7 in the 
same manner as above, whereby a fine channel sub- 
strate 12 having a front surface in which a fine channel 
1a was formed and a rear surface in which a concave 
pattern 13 was formed, was prepared as shown in Fig. 
15. 

[0070] Cover members 2 made of resin of 100 u.m 
thick, 80 mm long and 40 mm wide in which perforated 
small openings 6 of 1 mm in diameter were previously 
formed at positions corresponding to a fluid inlet port 4 
and a fluid outlet port 5 of the fine channel 1 a in the fine 
channel substrate 3 were heat-bonded to the front and 
rear surfaces of the substrate 3. Thus, a fine channel 
device having channels 1 , 1 3 in both surfaces of the sub- 
strate, wherein the shape of the channels are different 



and independent from each other, as shown in Fig. 15, 
was prepared. 

[0071] Liquid obtained by mixing previously two kinds 
of chemical which do not react in the room temperature 

5 but react at 80°C or higher was supplied from a small 
opening 6 at a front surface side of the fine channel de- 
vice. Further, a heating liquid heated to 80°C or higher 
was supplied from a small opening 6 at a rear surface 
side of the fine channel device. The liquid obtained by 

10 mixing previously two kinds of chemical, which is sup- 
plied to the fine channel 1a in the front surface of the 
fine channel substrate is heated to 80°C or higher by 
the heating liquid supplied to the concave-patterned fine 
channel 13 in the rear surface of the substrate 3, and 

is the two kinds of chemical react in the fine channel 1 a so 
that a reaction product can be obtained at the outlet port 
5 of the device. Further, it is possible to control the re- 
action by using a switch-over valve or the like to be pro- 
vided outside, which is capable of switching liquid sup- 

20 p|y so that the heating liquid supplied to the fine channel 
in the rear surface of the fine channel device is switched 
to a supply of a cooling liquid, whereby temperature con- 
trol is carried out. Thus, a functional unit capable of con- 
trolling the reaction in the fine channel formed in the front 

25 surface of the fine channel device can be arranged 
three-dimensionally in the fine channel. 

EXAMPLE 3 

30 [0072] Fig. 1 7 shows Example 3 of the present inven- 
tion. A resinous substrate 3 having a fine channel 1 was 
formed wherein the thickness was 1 mm, the longitudi- 
nal dimension was 80 mm and the lateral dimension was 
40 mm. An l-letter like fine channel 1a of 200 u,m wide 

35 and 30 urn deep was formed in a front surface of the 
substrate 3. A concave pattern 13b of 500 pm wide and 
30 ujti deep was formed at a position corresponding to 
the l-letter like fine channel 1a in the observation from 
a rear side of the substrate. In the concave pattern 1 3b , 

40 a Ni-Cr alloy was embedded. The fine channel substrate 
in this Example was prepared by injection-molding in the 
same manner as Example 2. 

[0073] The embedding of the Ni-Cr alloy 19 in the con- 
cave pattern formed in the rear surface of the fine chan- 
ts nel substrate was conducted according to the flow of 
fabrication sequence shown in Fig. 18. First, an electri- 
cally conductive metallic film of Ni-Cr alloy was formed 
on the entire rear surface including the concave portion 
of the fine channel substrate by sputtering, CVD method 
so or the like. Then, electroplating was conducted by using 
the above-mentioned alloy to the entire rear surface of 
the fine channel substrate so as to fill the concave por- 
tion, whereby an electroplated layer of metal was 
formed. Then, the entire surface of the electroplated lay- 
55 er of metal was polished uniformly so that the portion of 
the electroplated layer corresponding to the portion oth- 
er than the concave portion was removed, so that the 
Ni-Cr alloy was embedded only in the concave portion 
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formed in the rear surface of the fine channel substrate. 
The thus formed rear surface of the fine channel sub- 
strate had a very flat surface without any step under the 
condition that the Ni-Cr alloy was embedded in the con- 
cave portion. 

[0074] A resinous cover member 2 of 100 jxm thick, 
80 mm long and 40 mm wide in which small openings 
of 1 mm in diameter were previously formed at positions 
corresponding to a fluid inlet port 4 and a fluid outlet port 
5 of the fine channel 1 was heat-bonded to the front sur- 
face of the fine channel substrate 3 to thereby prepare 
a fine channel device as shown in Fig. 1 7. 
[0075] Liquid obtained by mixing previously two kinds 
of chemical which do not react at the room temperature 
but react at 80°C or higher is supplied from the inlet port 
4 at a front surface side of the fine channel device. Fur- 
ther, an electric current is supplied to the Ni-Cr alloy 1 9 
embedded in the concave portion formed in the rear sur- 
face of the fine channel substrate so that the alloy 19 
serves as a heater. The liquid formed by mixing the two 
kinds of chemical supplied to the fine channel 1 a in the 
front surface of the fine channel device is heated to 80°C 
or higher by the heater in the rear surface of the device.. 
Then, the two kinds of chemical react in the fine channel 
lain the front surface of the fine channel device, and a 
reaction product can be obtained at the outlet port 5 in 
the front surface of the device. Further, it is possible to 
control the temperature of the heater by controlling an 
amount of electric current to be supplied to the Ni-Cr 
alloy embedded in the concave portion in the rear sur- 
face of the fine channel device whereby control of the 
reaction can be performed. Thus, a functional unit ca- 
pable of controlling the reaction in the fine channel 
formed in the front surface of the fine channel device 
can be arranged three-dimensionally to the fire channel. 
[0076] Further, as a developed modification of the 
present invention, a functional unit having an electrical, 
magnetic or physical function such as a heater, piezoe- 
lectric element, electromagnet or the like may be dis- 
posed on or embedded in the rear surface of the fine 
channel substrate. Further, a wiring pattern with an elec- 
tric/electronic element such as resistor, capacitor, IC, 
LSI, CPU or the like to operate the functional unit elec- 
trically, may be formed in the concave pattern in the rear 
surface according to the above-mentioned method 
wherein the electrically conductive metal is embedded 
in the concave pattern formed in the rear surface of the 
fine channel substrate so that the rear surface of the fine 
channel substrate can have function as a wiring sub- 
strate. In this case, such functional unit or electric/elec- 
tronic element such as resistor, capacitor, IC, LSI, CPU 
or the like may be mounted on the wiring substrate 
formed in the rear surface of the fine channel substrate. 
Since the rear surface of the fine channel substrate 
formed according to this Example had a very flat surface 
without a step under the condition that the metal is em- 
bedded in the concave portion, another wiring substrate 
or fine channel substrate may be overlaid integrally on 



this surface. 
EXAMPLE 4 

5 [0077] Fig. 19 shows Example 4 of the present inven- 
tion. A fine channel device made of resin having a cir- 
cular disk-like shape was prepared wherein the thick- 
ness was 1 .2 mm and the diameter was 130 mm. The 
shape of a fine channel was Y-letter like shape having 
10 a width of 200 p,m and a depth of 30 u,m, and 4 fine chan - 
nels 1 were formed radially in a front surface of a fine 
channel substrate 3. Further, a concave-convex pattern, 
which is similar to that formed in a so-called optical re- 
cording medium capable of recording or detecting infor- 
ms mation by using laser or the like, was formed in a rear 
surface of the fine channel substrate 3. The fine chan- 
nels 1 in the front surface and the concave-convex pat- 
tern in the rear surface of the fine channel substrate 3 
in this Embodiment were formed according to the meth- 
20 od described in Example 6 which will be described 
thereinafter. A concave-convex pattern to be formed in 
the substrate of an optical recording medium such as a 
magneto-optical disk is so constructed that a spiral 
groove 25 of about 500 nm wide and about 80 nm deep 
25 is formed with a pitch of about 0.8 to 1 ujti from the outer 
periphery toward the inner periphery of the circular disk, 
and recesses 26 of about 500 nm wide, about 80 nm 
deep and about 500 nm to 2 urn long, which hold an 
address information 27 or the like are formed at several 
30 locations with predetermined intervals f oreach circuit of 
the spiral groove 25. Fig. 20 shows an example of the 
concave-convex pattern of an optical recording medium 
formed in the rear surface of the fine channel substrate 
3. 

35 [0078] In Fig. 19, a hub 23 having a diameter of 15 
mm for supporting the fine channel device in order to 
rotate it was attached to the center of the circular disk- 
like fine channel device. In this Example, the hub 23 was 
embedded in the substrate 3 when the substrate having 

40 the fine channels 1 in its front surface and the concave- 
convex pattern for optical recording medium in its rear 
surface was formed by double-sided injection-molding. 
[0079] A doughnut-like cover member of resin 2 hav- 
ing a thickness of 1 00 u.m, an outer diameter of 1 30 mm , 

45 and a center opening of 30 mm in which small openings 
21 of 1 mm in diameter were previously formed at posi- 
tions corresponding to fluid inlet ports 4 and fluid outlet 
port 5 of the 4 fine channels was heat-rbonded to the 
front surface of the fine channel substrate 3. An infor- 

50 mation recording layer 24 usable for the optical record- 
ing medium was formed on the rear surface of the fine 
channel substrate 3. the information recording layer 24 
comprises a recording layer, a protective layer and a re- 
flective layer on the rear surface of the substrate in this 

55 order. The recording layer 24 comprises a recording film 
capable of recording information by a change of the 
crystal structure of a substance, a change of a molecular 
structure and so on by utilizing heat such as laser for 
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recording or detection, and capable of detecting the re- 
corded information by a change of light quantity of a re- 
flective laser light, refractive index, polarization plane or 
the like. 

[0080] More detailed explanation will be made as to 5 
an information recording/reading system to the fine 
channel device of the present invention with reference 
to Fig. 21 . 

[0081] Fig. 21 (a) is a cross-sectional view of the fine 
channel device in Example 4. A fluorescence-labeled 10 
substance 32 as an object of analysis is located on the 
fine channel substrate 3 of Example 4, and the informa- 
tion recording layer 24 is formed on the rear surface of 
the fine channel substrate 3. In this Embodiment, the 
fine channel substrate 3 made of resin is used. However, 15 
the fine channel substrate 3 may be of glass or resin 
which is optically transparent to the wavelength of laser 
for inspection and can withstand to a sample solution or 
the like. Further, the information recording layer 24 com- 
prises a recording layer composed of a recording film 20 
which causes a change of light quantity of a reflective 
laser light for inspection, refractive index, polarization 
plane or the like due to a change of the shape, crystal- 
lization, molecule structure or the like of the information 
recording layer. Further, the information recording layer 25 
24 comprises a protective layer and a reflective layer 44 
below the protective layer in addition to the recording 
layer. In this Example, a cover member is not provided 
on the rear surface of the fine channel substrate 3. How- 
ever, the cover member may be provided for the pur- 30 
pose of protecting the information recording layer 24 if 
the case requires. Such cover member may be com- 
posed of the same material, i.e., glass or resin, as the 
fine channel substrate. In a case that information is re- 
corded or read by irradiating laser from a rear side of 35 
the substrate, the material used should be transparent 
to the wavelength of the irradiated laser. However, in 
case that the cover member is only for protecting the 
information recording layer, transparency to the wave- 
length of irradiated laser is not required. It is ideal that 40 
the distance between a lens 45 and the information re- 
cording layer 24 is a distance f in consideration of the 
focal distance of the lens 45 and the refractive index of 
the fine channel substrate. Such distance can be kept 
always constant by utilizing a focus-servo system for 45 
astigmatism or the like. The sensitivity of recording in- 
formation can be uniform because the recording or read- 
ing of information can be conducted by a laser beam 
spot having a constant dimension. Further, as shown in 
Fig. 21 (a), when the converging angle of the lens 45 and so 
the distance d between the lens and the fluorescence- 
labeled substance 32 as an object of analysis are ad- 
justed so that the diameter of the fluorescence-labeled 
substance 32 is equal to the dimension of laser 46 pass- 
ing through the fluorescence-labeled substance, the de- 55 
tection sensitivity can further be improved. It is prefera- 
ble to select a fluorescent material for the fluorescence- 
labeled substance so that it can emit fluorescence at a 



wavelength which is different from the wavelength of the 
laser. In this case, the fluorescence of the fluorescence- 
labeled analyzed substance can be detected by using 
the same optical system and a filter for transmitting se- 
lectively the wavelength of fluorescence. Namely, in a' 
case that the laser 46 is irradiated to the position of the 
fluorescence-labeled substance 32 as an object of anal- 
ysis, the fluorescence of the fluorescence-labeled sub- 
stance can be detected as shown in Fig. 21(a). On the 
other hand, in a case that there is no fluorescence- la- 
beled substance 32 at the location where the laser is 
irradiated, the recording or reading of information is pos- 
sible. Thus, both the fluorescence analysis and the re- 
cording or reading of information can be performed by 
using the same optical system. Further since the above- 
mentioned structure is equal to the structure of the op- 
tical disk, a good S/N characteristic of the recorded/read 
information is obtainable even in a case that a small 
quantity of foreign matter adheres on the substrate sur- J> 
face during the handling of the fine channel device. Fur- 
ther, the presence of the reflective layer 44 improves the 
detection sensitivity because the laser 46 is irradiated 
to the fluorescence-labeled substance 32 in double 
paths. Further, the power of the laser may be changed 
for the purposes of detecting the fluorescence, reading 
the recorded information and erasing of the recorded in- 
formation. Further, the fluorescence from the fluores- 
cence-labeled substance may cause deterioration in the 
information-recording sensitivity. In such case, it is de- 
sirable to separate the region of the fine channels where 
the fluorescence-labeled substance is located from the 
information-recording region as shown in Fig. 5(b) to 
Fig. 5(e), whereby it is possible to obtain a further correct 
information detection. 

[0082] Further, since the information recording layer 
24 can record therein information before or after using 
the fine channel device, the first information for identi- 
fying previously the fine channel device, such as a de- 
vice configuration information, a manufacture informa- 
tion, a shipment information and so on, and the second 
information such as usable conditions, kinds of usable 
fluid, synthesizing conditions, analyzing conditions, re- 
sults of synthesis, result of analysis and so on when 
chemical/physical manipulations such as feeding, mix- 
ing, reacting, synthesizing, analyzing, separating, ex- 
tracting, detecting of fluid are carried out, can be record- 
ed in the fine channel device in one-on-one correspond- 
ence. Further. The method for recording information in 
the optical recording medium is suitable for a long term 
preservation since there is obtainable a stable state of 
recording in comparison with the method for detecting 
fluorescence in which a fluorescent material is used as 
an index. 

[0083] Further, in this Example, an analyzing light for 
analyzing a specified substance located in a fine chan- 
nel or an information-recording/reading light for record- 
ing or reading information may be a near field light ob- 
tainable by using a solid immersion lens head. In this 
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case, it is necessary to bring an optical head, which per- 
forms the detection or recording/reading of information 
during moving in a floating state, closer to a distance of 
1 00 nm or less from the front or rear surface of the fine 
channel device. Accordingly, in order to obtain a stable 
flying characteristic so as not to cause the collision of 
the optical head against the substrate surface when it is 
moved in a floating state, it is preferable that at least one 
surface of the fine channel substrate having a fine chan- 
nel is curved to have the center of a radius of curvature 
at a side of the fine channel substrate wherein the radius 
of curvature is from 5 m to 1 00 m and the surface rough- 
ness (Ra) of the curved surface is 0.5 nm or less. If the 
radius of curvature and the surface roughness (Ra) of 
the substrate exceed the above-mentioned value range, 
it is difficult to obtain a stable flying characteristic so as 
not to cause the collision of the optical head against the 
substrate surface having a fine channel when the optical 
head is moved in a floating state under the condition that 
it is brought to a distance of 100 nm or less from the 
substrate surface. 

[0084] In this Example, the rear surface of the fine 
channel device has the function of optical recording me- 
dium. However, the present invention is not limited to 
this Example, but the rear surface may have the function 
of information recording medium other than the optical 
recording medium for recording or detecting optically. 

EXAMPLE 5 

[0085] Fig. 22 shows Example 5 of the present inven- 
tion. As shown in Fig. 22(a), a binder 29 for a recogniz- 
able molecule is injected to a recognizable molecule fix- 
ing portion 39 in an analyzing chip 38 having a circular 
disk-like shape of the present invention. The binder 
flows outside through the fine channel 1 and the recog- 
nizable molecule fixing portion 39 due to a capillary phe- 
nomenon or a centrifugal force caused by rotating the 
disk. Thus, the entire portion of a fluid inlet port 40, the 
recognizable molecule fixing portion 39 and the fine 
channel 1 can be coated with the binder 29. The ana- 
lyzing chip may have a cover member so that the binder 
29 flows without overflowing through the fluid inlet port 
40, the recognizable molecule fixing portion 39 and the 
fine channel 1. In this Embodiment, the fluid inlet port, 
the recognizable molecule fixing portion and the fine 
channel are constituted respectively by rectangular 
grooves. However, they may be constituted by, for ex- 
ample, grooves of hemispherical shape in cross section, 
and the shape of them is not in particular limited. 
[0086] Explanation will be made how the analyzing 
chip prepared as mentioned above is used. A liquid re- 
agent for analysis 33 is injected into an inlet port 40, and 
the liquid reagent 33 is fed along the channel 1 accord- 
ing to the above-mentioned technique as shown in Figs. 
22(e) to 22(g). In a case of using a centrifugal force by 
rotating the disk, the fine channel 1 is preferably curved 
toward an outer periphery in a direction of delay with 



respect to the direction of rotation whereby it is little pos- 
sibility that the liquid reagent overflows the channel. 
When the liquid reagent contains an analyzed sub- 
stance which has a selectively bonding ability to the rec- 

5 ognizable molecule 30, they bond together at the rec- 
ognizable molecule fixing portion 39. Then, a washing 
liquid 34 is supplied to the channel 1 to wash away the 
liquid reagent 33 adhered on the channel and the ana- 
lyzed substance in the liquid reagent as shown in Fig. 

10 22(h) and Fig. 22 (i). Thus, it is possible to bond selec- 
tively the analyzed substance in the analyzing liquid re- 
agent 33. 

[0087] In order to detect a specified substance which 
has been separated, there are considered several meth- 
15 ods. Here, description will be made as to a method that 
before the analyzing liquid reagent is supplied to a chan- 
nel of the analyzing chip, an analyzed substance which 
can bond selectively to the recognizable molecule is 
previously fluorescence-labeled with a fluorescent ma- 
20 terial. In this case, the fluorescence-labeled analyzed 
substance is also fixed to the recognizable molecule fix- 
ing portion in the manipulations of Figs. 22(e) to 22{g). 
Accordingly, an excitation light 35 should be irradiated 
to the recognizable molecule fixing portion 39 to detect 
25 the fluorescence as shown in Fig. 22(j). 

[0088] Incidentally, there can be considered that after 
the manipulations of Fig. 22(h) and Fig. 22(i), a solution 
including a fluorescent material which can bond selec- 
tively to an analyzed substance is used to repeat once 
30 the manipulations of Figs. 22(e) to 22(g), so that the flu- 
orescent material is bonded to the analyzed substance 
connected selectively in the recognizable molecule fix- 
ing portion 39. Thereafter, washing is conducted accord- 
ing to the manipulations of Fig. 22(h) and fig. 22(i), and 
35 the fluorescence is detected by the manipulation as in 
Fig. 220). Further, there can be considered a technique 
that a fluorescent material having the nature of increas- 
ing the intensity of fluorescence when an analyzed sub- 
stance is bonded to the recognizable molecule, is used, 
40 the fluorescent material being bonded to the recogniz- 
able molecule fixed to the recognizable molecule fixing 
portion 39. Then, the intensity of fluorescence is in- 
creased when the analyzed substance is bonded to the 
recognizable molecule in the manipulations of Fig. 22 
45 (h) and Fig. 22(i) whereby the analyzed substance 
bonded can be detected. 

[0089] As described above, description has been 
made as to the method for utilizing a fluorescence signal 
as the method for detecting an analyzed substance 

so bonded to the recognizable molecule. However, there 
can be considered a method for detecting luminescence 
resulted from a chemical reaction such as a chemical 
luminescence or a biological luminescence; a method 
for detecting an electric signal from a micro-electrode, 

55 or a method for utilizing a surface plasmon resonance. 
Thus, there are many methods for detecting an ana- 
lyzed substance bonded. Accordingly, these methods 
can be selected depending on objects and ways of use. 
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[0090] Thus, according to the present invention, since 
the diffusion of the recognizable molecule can be pre- 
vented by forming a predetermined fine channel in the 
analyzing chip, the sensitivity of fluorescence measure- 
ment can be improved. Further the amount of liquid 
such as the recognizable molecule, the binder or the an- 
alyzing liquid reagent can remarkably be saved by form- 
ing the predetermined channel. Further since a plurality 
of fluid inlet ports are formed in a single analyzing chip, 
it is possible to achieve the bonding with a plurality of 
analyzing liquid reagents and to perform a large number 
of analysis simultaneously. Further, the groove geome- 
try such as the width or depth of the channel can be 
changed in the distance from its one end to the other 
end, or a plurality kinds of fine channels can be formed 
in a single analyzing chip so that a plurality of analyzing 
liquid reagents having different viscosity, surface ten- 
sion, affinity with an analyzing chip supporter or the like 
can be used, whereby more kinds of analyzing liquid re- 
agent can be used as experimental solutions. When 
there is a difficulty of feeding an analyzing liquid reagent 
by utilizing a capillary phenomenon due to a high sur- 
face tension, the shape of the fine channel should be 
formed into a sectorial shape as shown in Fig. 6(b) and 
Fig. 6(d) so that the analyzing liquid reagent flows easily. 
[0091] Even in the case as shown in Fig. 6(c) and Fig. 
6(d) wherein a single analyzing liquid reagent is used, 
other than the case a plurality of analyzing liquid rea- 
gents are used as described above, such advantages 
that the sensitivity of fluorescence measurement can be 
improved and the amount of analyzing liquid reagent 
can be reduced, can be assured. 
[0092] Further, as shown in Figs. 23(a) to 23(d), when 
a concave-convex pattern is formed in the bottom of the 
recognizable molecule fixed portion 39, the surface 
roughness or the surface area of the inner wall of the 
fine channel can be increased whereby an undesirable 
separation of the recognizable molecule can be prevent- 
ed. Further, since many recognizable molecule can be 
fixed to the recognizable molecule fixing portion 39 hav- 
ing an increased surface area, the sensitivity of fluores- 
cence measurement can be improved. 

EXAMPLE 6 

[0093] Fig. 24 is a diagram showing concave-convex 
patterns obtained by carrying out the method for pro- 
ducing a fine channel substrate of the present invention, 
as Example 6. Figs. 24(a) to 24(c) show some examples 
of concave-convex pattern of substrate. A fine channel 
is formed in such a manner that each concave-convex 
pattern is formed by molding resin with use of a stamper 
prepared by a laser light exposure device for exposing 
light to an original photoresist plate coated with a pho- 
toresist while the original photoresist plate is rotated. As 
the laser light source of the laser light exposure device 
used in this Example, an Argon laser having a wave- 
length of 458 nm was used. The number of revolution 



of the photoresist plate to be subjected to light exposure 
was 450 rpm; the number of division per each track was 
1,000,000, and the frequency of a divisional unit clock 
signal produced by the pattern generator, which was ob- 

5 tainable from the number of revolution of the original 
photoresist plate and the number of division per each 
track, was 7.5 MHz. Further, each track was divided into 
1,000,000 portions. Actually, the track having divided 
1,000,000 portions was divided into 200 groups each 

10 having 5,000 portions; the data of the concave-convex 
pattern of one group was produced in the personal com- 
puter. Then, a substrate in which a fine channel of a con- 
cave-convex pattern formed by repeating the produced 
pattern 200 times per one track, was prepared. In this 

is Example, a positive type resist was used. Accordingly, 
a portion exposed to laser constitutes a concave pattern 
and a portion without exposure to laser constitutes a 
convex pattern. However, the present invention is not 
limited to the above-mentioned example. When a neg- 

20 ative type resist is used, a portion exposed to laser con- 
stitutes a convex pattern, and a portion without expo- 
sure to laser constitutes a concave pattern. 
[0094] Fig. 24(a) shows a substrate in which a fine 
channel having a concave-convex pattern which is 

25 formed by dispersing divisional units in a track direction 
to broaden the distance between tracks, and adjusting 
the laser power and the laser beam diameter to disperse 
the concave pattern in a radial direction. In this case, 
the laser light was moved linearly at a speed of 12 u.m/ 

30 sec from an outer periphery side to an inner periphery 
side of the original photoresist plate so that the distance 
between tracks was about 1 .6 urn. Further, the laser 
power and the laser beam diameter were adjusted so 
that the width in a radial direction of the concave pattern 

35 exposed to laser was about 0.45 u.m. 

[0095] Fig. 24(b) shows a substrate in which a fine 
channel having a concave-convex pattern is formed, 
which was formed in the same manner as in Fig. 24(a) 
with respect to the distance between tracks, the laser 

40 power and the laser beam diameter except that a con- 
cave pattern was formed by connecting continuously 
two divisional units in a track direction 
[0096] Fig. 24(c) shows a substrate in which a fine 
channel having a concave-convex pattern wherein con- 

45 cave patterns are connected continuously in a radial di- 
rection is formed, which was prepared in the same man- 
ner as in the case of Fig. 24(b) except that the laser light 
was moved linearly at a speed of 6.375 jxm/sec from an 
outer periphery side to an inner periphery side of the 

so original photoresist plate so that the distance between 
tracks was 0.85 urn, and the laser power and the laser 
beam diameter were adjusted so that the width in a ra- 
dial direction of the concave pattern exposed was about 
1.0 u.m. 

55 [0097] The concave-convex pattern of the fine chan- 
nel formed in the substrate according to the present in- 
vention is not limited to the embodiments as shown in 
Figs. 24(a) to 24(c). By determining suitably the number 
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of division per track and the structure of concave-convex 
when the data of pattern are inputted, changing the mov- 
ing speed of the laser light from the laser light exposure 
device to determine the distance between tracks and 
determining the laser power and the laser beam diam- 
eter, divisional units of concave-convex pattern can be 
dispersed in a track direction or a radial direction, or con- 
necting continuously divisional units of concave-convex 
pattern in a track direction or a radial direction, whereby 
a fine channel having various concave-convex pattern 
can be formed in the substrate. 

[0098] Fig. 25 is a diagram showing an embodiment 
of the fine channel device prepared according to the 
present invention. As the substrate in which a fine chan- 
nel having a concave-convex pattern is formed, which 
constitutes the fine channel device, a doughnut-like 
polycarbonate substrate having a diameter of 130 mm, 
a thickness of 1 .2 mm and a center opening of 1 0 mm 
in diameter was used. In this substrate, 4 l-letter like fine 
channels of 30 mm long and 10 urn deep wherein the 
width of a channel at a position of 15 mm from an outer 
periphery side was 1 00 iim and the width of the channel 
at a position of 1 5 mm from an inner periphery side was 
200 p.m, were formed radially from the center of the cir- 
cular disk-like substrate. As a cover member, a dough- 
nut-like polycarbonate sheet having a thickness of 1 00 
urn, an outer diameter of 1 30 mm and a center opening 
of 10 mm in diameter was used. In the cover member, 
small openings of 1 mm in diameter were previously 
formed at positions corresponding to inlet ports and out- 
let ports of respective fine channels. The cover member 
was laminated on the substrate in which the fine chan- 
nels of concave-convex pattern were formed, and were 
integrated by heat-bonding. 

[0099J According to the present invention since same 
or different concave-convex patterns are formed in front 
and rear surfaces of a fine channel substrate, a fine 
channel device provided with a functional unit having an 
electrical, mechanical, magnetic, physical, chemical 
function three-dimensionaliy on the substrate can be 
provided. By such arrangement, the fine channel device 
can have, for example, a heating function, a cooling 
function or the like and can serve as an electric/elec- 
tronic circuit substrate on which an electric/electronic el- 
ement for controlling such function is mounted. Further, 
on either or both surfaces of the substrate having a fine 
channel, another substrate in which a channel or chan- 
nels of same or different concave-convex pattern may 
be laminated to form a multi-layered fine channel device 
effectively. With this, the yield of a reaction product syn- 
thesized chemically in the fine channel device can be 
increased. 

[0100] Further according to the present invention, a 
f ine channel device capable of recording/reading a man- 
ufacture information of the fine channel device itself or 
a synthesis information, an analysis information, a per- 
sonal information or the like obtained when a synthesiz- 
ing or analyzing operation is carried out by the fine chan- 



nel device, and having function as an optical recording 
medium for preserving a recorded information for a long 
term, can be obtained. 

[0101] Further according to the present invention, a 
5 fine channel device for analyzing a specified substance, 
which is generally referred to as an analyzing chip, 
which allows use of a plurality of different analyzing liq- 
uid reagents, and which is capable of conducting differ- 
ent kinds of analysis simultaneously can be obtained. 
10 Further, the analyzing chip which can reduce the 
amount of sample used and can improve the sensitivity 
of fluorescence measurement can be obtained. 
[0102] Further, in the method for producing a fine 
channel device according to the present invention, a 
15 substrate having a fine channel can be produced as an 
injection-molded product of resin by using a stamper for 
transferring a concave-convex pattern of fine channel, 
whereby the molding time per one substrate can be 
shortened to several ten seconds. Thus, the production 
20 time can substantially shortened in comparison with a 
conventional method requiring several ten minutes to 
several hours for manufacturing each substrate wherein 
substrates are developed one by one with a photomask 
followed by etching, so that a channel or channels are 
25 formed. Accordingly, substrates having a fine channel 
can be produced in a short time and large scale. Further, 
when the stamper for transferring a concave-convex 
pattern is produced, the concave-convex pattern can be 
formed by converting a concave-convex pattern infor- 
30 mation into electric signals in a pattern generator; sup- 
plying a control information comprising the electric sig- 
nals to a laser light exposure device, and turning-on/off 
laser light from the laser light exposure device in re- 
sponse to the electric signals. Accordingly, any photo- 
35 mask for forming a concave-convex pattern is not re- 
quired. The formation of a fine channel having various 
kinds of concave-convex pattern or a change of the pat- 
tern even if it is slight, can be conducted easily. Thus, 
the fabrication of the photomask is unnecessary, and the 
40 time and cost for producing the photomask can be 
saved. Accordingly, it is possible to produce the fine 
channel device more economically and in a large scale. 
[0103] The entire disclosures of Japanese Patent Ap- 
plication No. 2001-116984 filed on April 16, 2001 , Jap- 
45 anese Patent Application No. 2001 -1 1 6985 filed on April 
16, 2001, Japanese Patent Application No. 
2001-240872 filed on August 8, 2001 and Japanese 
Patent Application No. 2001 -245949 filed on August 14, 
2001 including specifications, claims, drawings and 
so summaries are incorporated herein by reference in their 
entireties. 

[0104] The fine channel device has a fine channel 
substrate having a fine channel, in which patterns of 
same or different concave-convex are formed in front 
55 and rear surfaces wherein a functional unit having an 
electrical, magnetic, physical or chemical function, or an 
information recording function is provided on the fine 
channel substrate three-dimensionally. Further, the fine 
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channel device usable for analyzing permits use of a 
plurality of analyzing liquid reagents in order to analyze 
a plurality of specified substances., and can reduce the 
amount of usable sample and improves the sensitivity 
of fluorescence measurement. Further, the fine channel 
device is formed by laminating a plurality of substrates 
having a fine channel, in which patterns of same or dif- 
ferent concave-convex are formed, efficiently. Further, 
a method for producing the fine channel device capable 
of producing it economically in a short time and in a large 
scale. 



Claims 

1. A fine channel device comprising a fine channel 
substrate having a fine channel, in which patterns 
of same or different concave-convex are formed in 
front and rear surfaces. 

2. The fine channel device according to Claim 1 , 
wherein the fine channel device has a fine channel 
and is formed by overlaying a substrate on the fine 
channel substrate, and the fine channel substrate 
has a front surface and a rear surface in which pat- 
terns of same or different concave-convex are 
formed. 

3. The fine channel device according to Claim 2, which 
comprises at least one inlet port for introducing fluid, 
at least one fine channel for feeding the introduced 
fluid and at least one outlet port for discharging the 
fluid, the fine channel being communicated with the 
inlet port and the outlet port. 

4. The fine channel device according to Claim 2 or 3, 
wherein a substrate having perforated openings is 
overlaid on each side of the fine channel substrate. 

5. The fine channel device according to Claim 2 or 3, 
wherein the fine channel device is formed by over- 
laying substrates having perforated openings on 
two or more fine channel substrates wherein the 
substrates having perforated openings are placed 
at both sides of the overlaid fine channel substrates 
and between fine channel substrates. 

6. The fine channel device according to Claim 2 or 3, 
wherein a substrate having perforated openings is 
overlaid on one side of the fine channel substrate 
and a substrate having no perforated opening is 
overlaid on the other side. 

7. The fine channel device according to Claim 6, 
wherein the fine channel device is formed by over- 
laying substrates having perforated openings on 
two or more fine channel substrates wherein the 
substrates having perforated openings are placed 



w 



on one side of the overlaid fine channel substrates 
and between fine channel substrates and a sub- 
strate having no perforated opening is overlaid on 
the other side, 

8. The fine channel device according to Claim 2 or 3, 
wherein an inlet port and an outlet port are provided 
at one side of the fine channel device, and a prede- 
termined material is disposed on the other side. 

9. The fine channel device according to Claim 8, 
wherein the predetermined material is ceramics, 
metal or an alloy. 



10. The fine channel device according to Claim 9, 
wherein the metal or the alloy is embedded in aside 
surface of the fine channel substrate. 

11. The fine channel device according to any one of 
20 Claims 1 to 10, which is adapted to synthesize a 

specified substance, and is provided with an optical 
recording medium capable of recording or reading 
a synthesis information of the substance in the fine 
channel device. 

25 

12. The fine channel device according to Claim 11, 
wherein a substrate on which an information record- 
ing layer for constituting the optical recording medi- 
um is formed on its front surface or rear surface is 

30 laminated on the fine channel substrate having a 
fine channel. 

13. The fine channel device according to Claim 11 or12, 
wherein the synthesis information is one member 

35 selected from the group consisting of a synthetic 
material information, a synthesizing condition infor- 
mation, a synthesized material information, a man- 
ufacturer information and a user information, or a 
combination of two or more members. 

40 

14. A fine channel device comprising a fine channel 
substrate having a fine channel, in which patterns 
of same or different concave-convex are formed in 
front and rear surfaces, wherein the fine channel 

is device has at least one inlet port for introducing flu- 
id, at least one fine channel for feeding the fluid and 
at least one outJet port for discharging the fluid, the 
fine channel is communicated with the inlet port and 
the outlet port, and at least one another substrate 

50 of same or different structure is overlaid on the fine 
channel substrate. 

15. A fine channel device comprising a fine channel 
substrate having a fine channel, in which patterns 

55 of same or different concave-convex are formed in 
front and rear surfaces, wherein the fine channel 
device has at least one inlet port for introducing flu- 
id, at least one fine channel for feeding the fluid and 
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at ieast one outlet port for discharging the fluid, the 
fine channel is commun icated with the inlet port and 
the outlet port, said at least one inlet port and outlet 
port are formed at one side of the fine channel de- 
vice, a predetermined material is disposed on or 
embedded in the other side of the device, and the 
predetermined material is ceramics, metal or an al- 
loy. 

16. In an analyzing chip adapted to dispose, at an arbi- 
trary position, a recognizable molecule having a 
bonding ability to a specified substance, the analyz- 
ing chip being characterized by comprising a fluid 
injection port, a fluid channel and a recognizable 
molecule fixing portion. 

17. The analyzing chip according to Claim 16, wherein 
the fluid channel is a fine channel, the recognizable 
molecule has a bonding ability to a specified sub- 
stance as an object of analysis, and the recogniza- 
ble molecule is disposed in the fine channel at an 
arbitrary position. 

18. The analyzing chip according to Claim 16 or 17, 
which comprises a fine channel substrate having a 
fine channel, in which patterns of same or different 
concave-convex are formed in front and rear sur- 
faces. 

19. The analyzing chip according to Claim 18, which 
comprises a device having a fine channel, which is 
formed by overlaying a substrate on the fine chan- 
nel substrate, and the fine channel substrate has a 
front surface and a rear surface in which patterns 
of same or different concave-convex are formed. 

20. The analyzing chip according to Claim 19 : wherein 
the device has at least one inlet port for introducing 
fluid, at least one fine channel for feeding the fluid 
and at least one outlet port for discharging the fluid, 
the fine channel being communicated with the inlet 
port and the outlet port. 

21. The analyzing chip according to Claim 20, wherein 
a plurality of fine channels are formed in the fine 
channel substrate, the shape of groove and/or the 
size of the fine channels is different from each other. 

22. The analyzing chip according to Claim 20, wherein 
in a fine channel in the fine channel substrate, the 
shape of groove and/or the size of the fine channel 
is changed in the distance from its one end to the 
other end. 

23. The analyzing chip according to Claim 20, wherein 
in the fine channel substrate, the shape of a fine 
channel is in a sectorial groove. 



24. The analyzing chip according to Claim 20, wherein 
the shape of the fine channel substrate is in a cir- 
cular disk-like shape. 

s 25. The analyzing chip according to Claim 24, wherein 
fine channels are formed radially and linearly or ra- 
dially and curvilinearly from the center of the fine 
channel substrate having a circular disk-like shape. 

10 2B. The analyzing chip according to Claim 24 or 25, 

wherein a hub for rotating the fine channel device 
is disposed at the center of the fine channel sub- 
strate having a circular disk-like shape so as to be 
connectable to the motor for rotation. 

15 

27. The analyzing chip according to any one of Claims 
19 to 26, wherein a substrate having perforated 
openings is overlaid on each side of the fine channel 
substrate. 

20 

28. The analyzing chip according to any one of Claims 
1 9 to 26, which comprises a device formed by over- 
laying substrates having perforated openings on 
two or more fine channel substrates wherein the 

25 substrates having perforated openings are placed 
on both sides of the overlaid fine channel substrates 
and between fine channel substrates. 

29. The analyzing chip according to any one of Claims 
30 19 to 26, wherein a substrate having perforated 

openings is placed on a side of the fine channel sub- 
strate and a substrate having no perforated open- 
ings is placed on the other side. 

35 30. The analyzing chip according to Claim 29, which 
comprises a device formed by overlaying sub- 
strates on two or more fine channel substrates 
wherein substrates having perforated openings are 
placed on one side of the overlaid fine channel sub- 

40 strates and between fine channel substrates and a 
substrate having no perforated opening is placed 
on the other side. 

31 . The analyzing chip according to any one of Claims 
45 1 9 to 30, wherein an inlet port and an outlet port are 
provided at one side of the fluid channel device and 
a predetermined material is disposed at the other 
side of the device! 

so 32. The analyzing chip according to Claim 31 , wherein 
the predetermined material is ceramics, metal or an 
alloy. 

33. The analyzing chip according to Claim 32, wherein 
55 the metal or the alloy is embedded in a side surface 

of the fine channel substrate. 

34. The analyzing chip according to Claim 16 or 17, 
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wherein the recognizable molecule fixing portion is 
provided at at least one position in the fine channel 
including its both ends. 

35. The analyzing chip according to Claim 34, wherein 
the shape of concave-convex pattern of an inner 
surface of the fine channel at the location where the 
recognizable molecule is fixed is different from the 
shape of concave-convex pattern of an inner sur- 
face of the fine channel at another location. 

36. The analyzing chip according to any one of Claims 
16 to 35, wherein the analyzing chip is adapted to 
analyze a specified substance, and is provided with 
an optical recording medium capable of recording 
or reading an analysis information of the substance 
in the fine channel device. 

37. The analyzing chip according to Claim 36, wherein 
a substrate on which an information recording layer 
for constituting the optical recording medium is 
formed on its front surface or rear surface is lami- 
nated on the fine channel substrate having a fine 
channel. 

38. The analyzing chip according to Claim 36 or 37, 
wherein the analysis information is one member se- 
lected from the group consisting of a synthetic ma- 
terial information, a synthesizing condition informa- 
tion , a synthesized material information, a manufac- 
turer information and a user information, or a com- 
bination of two or more members. 

39. The analyzing chip according to any one of Claims 
36 to 38, wherein the optical recording medium is 
usable only for reading information. 

40. The analyzing chip according to any one of Claims 
36 to 38, wherein the optica! recording medium is a 
write-once type optical recording medium. 

41. The analyzing chip according to any one of Claims 
36 to 38, wherein the optical recording medium is a 
rewritable optical recording medium. 

42. The analyzing chip according to any one of Claims 
36 to 41 , wherein means for analyzing the specified 
substance are fluorescence analysis, and light from 
a light source for recording or reading information 
in the optical recording medium is used as an exci- 
tation light for fluorescence analysis. 

43. The analyzing chip according to any one of Claims 
36 to 42, wherein means for analyzing the specified 
substance are fluorescence analysis, and an exci- 
tation light for fluorescence analysis is a near field 
light. 



44. The analyzing chip according to any one of Claims 
36 to 43, wherein light from a light source for record- 
ing or reading information in the optical recording 
medium is a near field light. 

5 

45. An analyzing chip adapted to analyze a specified 
substance which comprises a fine channel device 
comprising a fine channel substrate having a fine 
channel, in which patterns of same or different con - 

10 cave-convex are formed in front and rear surfaces, 
wherein the fine channel device has at least one in- 
let port for introducing fluid, at least one fine channel 
for feeding the fluid and at least one outlet port for 
discharging the fluid, the fine channel being com- 

is municated with the inlet port and the outlet port, and 
wherein a recognizable molecule having a bonding 
ability to a specified substance as an object of anal- 
ysis is located at an arbitrary position in the fine 
channel, a recognizable molecule fixing portion is 

20 provided at at least one position in the fine channel 
including its both ends, the shape of concave-con- 
vex pattern of an inner surface of the fine channel 
at the position where the recognizable molecule is 
fixed is different from the shape of concave-convex 

25 of an inner surface of the fine channel at another 
position, the shape of groove and/or the size of the 
fine channel is different from each other, and the 
shape of groove and/or the size of the fine channel 
is changed in the distance from its one end to the 

30 other end. 

46. An analyzing chip adapted to analyze a specified 
substance which comprises a fine channel device 
comprising a fine channel substrate having a fine 

35 channel, in which patterns of same or different con- 
cave-convex are formed in front and rear surfaces, 
wherein the fine channel device has at least one in- 
let port for introducing fluid, at least one fine channel 
for feeding the fluid and at least one outlet port for 

40 discharging the fluid, the fine channel being com- 
municated with the inlet port and the outlet port, and 
wherein the front surface or the rear surface of the 
fine channel substrate is laminated with a substrate 
provided with an optical recording medium capable 

45 of recording or reading an analysis information of 
an analyzed substance in the fine channel device, 
means for analyzing the specified substance are 
fluorescence analysis, light from a light source for 
recording or reading information in the optical re- 

50 cording medium is used as an excitation light for flu- 
orescence analysis, the light from the light source 
is a near field light or a far field light, and at least 
one surface of the fine channel substrate is curved 
to have the center of a radius of curvature at a side 

55 of the substrate wherein the radius of curvature is 
from 5 m to 100 m and the surface roughness (Ra) 
of the curved surface is 0.5 nm or less. 
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47. A method for producing a fine channel device which 
comprises using a pair of molds each having a pat- 
tern of concave-convex shape corresponding to 
each fine channel, and injecting resin between the 
pair of molds to obtain a substrate having a fine 
channel as a double-sided injection -molded prod- 
uct in which the patterns of concave-convex are 
transferred to front and rear surfaces of the injec- 
tion-molded product. 

48. A fine channel device produced by the method for 
producing according to Claim 47, wherein at least 
one surface of the substrate having a fine channel 
is curved to have the center of a radius of curvature 
at a side of the substrate, and the radius of curva- 
ture is from 5 m to 1 00 m. 

49. A fine channel device produced by the method for 
producing according to Claim 47 or 48, wherein the 
surface roughness (Ra) of the substrate having a 20 
fine channel is 0.5 nm or less. 
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